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ABSTRACT 
  
This study seeks to explore the causal effect of urban population and economic growth on the 
environment of Ghana, using a time series data for the period 1980-2014. The Max Eigen-value 
Johansen cointegration test failed to confirm a long-run cointegration relationship between 
environmental pollution and economic growth for the case of Ghana. Hence, the direction of 
causality among the variables was conducted using the VAR Granger Causality Test. The findings of 
the VAR Granger causality revealed the presence of a bi-directional causality between these 
paramount variables: carbon dioxide emission (CO2) and urbanisation (URB); and between 
economic growth (Y) and urbanisation (URB).This study advocates that Ghana adheres to more 
stricter environmental regulations in order to control high pollution firms in the residential and 
commercial sectors, in her quest to mitigate environmental pollution issues even as the economy 
advances. Furthermore, our study reiterates that the human capacity of Ghana is empowered with the 
requisite productive skills to boost productivity of her industries.  
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INTRODUCTION 
 
Environmental pollution is highlighted by most 
researchers to be the resultant of the huge 
industrialisation drive in most economies in their bid 
to advance economically. Environmental pollution in 
Ghana has been on the increase for the last decades 
(EPA, 2011). In the quest of Ghana to advance 
economically, it is asserted that environmental 
pollution will continually be on the ascendancy. The 
World Bank predicts that Ghana’s emission will be 
4.4 million tonnes by the year 2025 and this is a great 
concern not only for the government but also all 
major stakeholders: International bodies, Non–profit 
organization, organised bodies and concerned 
individuals. 
According to the National Greenhouse Gas Inventory 
Report,2014; in terms of trend assessment, carbon  
 
 
 
 
 
 
dioxide emission (CO2), is the major gas emission 
followed by N2O and CH4 emissions from biomass 
burning. According to the report, the observed 
increasing trends in the emissions in Ghana 
corresponded to the structural transformation which 
has contributed to the immense growth and 
expansion of the economy. This structural 
transformation as a result of social & economic 
reforms, political changes, shocks, among others, 
causes sudden shifts in the time series variable. This 
study seeks to add to literature by further explicating 
the causal interaction of urban population and 
economic growth on the environment, from the 
perspective of an emerging African economy-Ghana. 
This study unlike most recent studies, therefore, 
considered the influence of structural breaks, mostly 
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ignored by most researchers when studying the 
relationship between environmental pollution and 
economic growth of emerging economies. This study, 
considered a long span of period 1980-2014 for a 
better and insightful analyses and discussions.  
Our study, therefore, will go a long way in helping in 
the promulgation of enactments & policies for 
environmental, economic and trade reforms. 
The remainder of the study is organized as follows. 
The section 2 reviews related literature while the 
section 3 presents the econometric approach used in 
this study. Section 4 presents the findings and 
discussion of this study. The section 5 offers the 
conclusion and policy recommendations. 
 
RELATED WORKS 
 
The population growth of Ghana for the years 1980 
to 2014 has been on the ascendancy as shown in 
Figure 1 
 
Source: Author’s Computation based on World Development 
Indicators Data (1980-2014) 
Figure 1: Population Growth of Ghana 
 
Human population trends, principally determines the 
extent and impact on the environment. The rising 
populations, tends to compound the pressures on the 
natural resources (energy, land, water, etc) in the 
quest to meet consumption and production needs 
(Mikkelsen, 2005; Phimister & Pilossof, 2017). 
 The relationship between environmental pollution 
and economic growth has therefore been a subject of 
debate in the literature for the past decades. Several 
researchers have investigated the link between 
environmental pollution and economic growth, whilst 
using varied econometric methods and techniques. 
Most of these earlier researchers focussed on the 
developed countries (Camarero et al., 2013; Cerdeira 
Bento & Moutinho, 2016; Charfeddine & Ben 
Khediri, 2016; Halicioglu, 2009) while  few studies  
(Mensah, 2014; Sun & Deng, 2014; Yu et al., 2014) 
focussed on the developing countries either at panel 
level or at country level.  
Several recent studies (Behera & Dash, 2017; Elliott 
et al., 2017; He et al., 2017) assert that urbanisation 
contributes to the environmental pollution 
characterised in most developing countries.  
From 2007 and beyond, the world statistics (World 
Population Density Report,2007), revealed that the 
number of persons living in urban cities outnumbered 
those in the rural regions. This is as a result of urban 
population escalating beyond boundaries previously 
zoned as rural; and the increasing number of 
migrants from rural regions to cities. These recent 
upshot in urbanisation is attributable to 
industrialisation and the demographic transition. As 
more investments flows into businesses in urban 
areas, it propels persons living in ‘rural communities’ 
to move to such cities in search of higher standards & 
better living conditions. Some researchers argue that 
though, larger population exert much pressure on 
natural resources than smaller population, it is the 
consumption patterns and technological choices that 
plays a pivotal role in determining the extend of the 
environmental harm. The last century has witnessed 
rapid urbanization of the world’s population as the 
global proportion of urban population rose from 13% 
(220 million) in 1900, to 29% (732 million) in 1950, 
to 49% (3.2 billion) in 2005. By 2050 over 6 billion 
people, two thirds of humanity, will be living in 
towns and cities according to the World Population 
Density Report (2007). 
Our study therefore seeks to further deepen the 
understanding of the influence of structural reforms 
on the causal effect of urban population and 
economic growth on environmental pollution, from 
the perspective of an emerging African country, 
Ghana. 
 
THE DATA AND METHOD 
The Data 
Our study used econometric models to investigate the 
causal relationship among environmental pollution, 
urban population and economic growth of Ghana for 
the period 1980-2014. The source of data for the 
variables utilised in this study is the World Bank 
Development Indicators.  Carbon dioxide (measured 
by metric tons per capita) proxied as the 
environmental pollution is the dependent variable; 
whereas economic growth is measured with 
following macroeconomic indicators: Real GDP per 
capita, and the computed Square of Real GDP per 
capita. Urban population is measured as urban 
population divided by total population. To avoid the 
case of omitted variables, mostly characterised in 
causality analysis, our study introduced 
Merchandised Total Exports per capita as an 
additional explanatory variable. All the variables are 
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taken in their natural logarithms form. This is a 
common phenomenon in such econometric analyses 
in finding relationship among these variables. The 
definition of the variable is found in Table 3.1 
 
Table 3.1 Variable Definitions 
 
Test of Cointegration 
 
Our study performed the unit root test of 
cointegration to test for stationarity in the variables 
utilised for the study. This study initially employed 
three traditional unit root tests: ADF, PP & KPSS to 
test whether the variables are stationary. 
Additionally, this study utilised a recent augmented 
Andrews-Zivot unit root test to capture structural 
reforms occurrences in the economy of Ghana. Esso 
(2010) posit that structural shifts due to the reforms 
(social, economic, political) and certain occurrences 
such as disasters often results in the sudden shift in 
time series variables; hence, affecting the results of 
the unit root test as well as  the dynamic relationship 
among the  variables. It is, therefore, preferred to use 
the Zivot tests since the traditional test such as ADF, 
PP & KPSS test are severely distorted in the presence 
of structural breaks. 
 
Our study used the Zivot-Andrews in the following 
two models (equation 1-2) to examine the existence 
of a structural break in the series at intercept shift and 
at both Intercept and trend shift for the case of Ghana. 
 
 
 
 
Intercept Shift 
=  +   + 
1
k
i
   +                   ..  (1) 
 
Both Intercept and Trend Shift 
=    +    + 
1
k
i
   +     ..  (2)                   
 
Where      =1 ( t   )  and   =1 ( t   )  
( t   ). The unknown parameter  denotes the timing of 
the break point and the indicator function taking 1 if the 
argument of the function is true and 0 otherwise.  is 
a dummy that captures a shift in the intercept, whereas 
 captures the shift in the trend.  represent the 1
st
 
difference of the series. 
 
Johansen Cointegration Test 
 As all the variables in the models are integrated of 
order one; thus, variables are non-stationary at their 
level but becomes stationary at the first differencing, 
we performed the Johansen and Juselius  (Johansen 
& Juselius, 1990) test to test for cointegration among 
the variables in an unrestricted vector auto-regression 
(VAR) model with a vector variables (S 1) at time t  
linked to the vector of previous variables.  
This study computed the Johansen Cointegration test 
using the Maximum test statistics represented 
mathematically in Equation 3 as follows: 
Max Statistics ( 1-  )    …… (3) 
Where Y= sample size and L is the ith largest 
canonical correlation. 
 
Granger Causality 
In our study, the Granger Causality  test is 
formulated in VAR model as in equation 4-8. This 
VAR model reveals the direction of the causality 
among the variables utilised in our study. 
 
 
 …….(4) 
 
 …….(5) 
 
 
 …….(6) 
 
 
                       …….(7) 
 
                       …….(8) 
 
Where B1, ……, B6 = the coefficients. ECM= the 
error correction terms,   (in all the equations) are 
residuals in the equations. The  captures the 
lagged values of the residuals from the cointegration 
relationships among the variables. 
Variable Definition Source 
CO2 Carbon dioxide 
emission(metric tons 
per capita) 
World Development 
Indicators 
Y, Y2 Economic Growth( Real 
GDP per capita ) 
World Development 
Indicators 
EX Total Export (Total 
Merchandise Export per 
capita) 
World Development 
Indicators 
UR Urbanisation(Urban 
population to total 
population) 
World Development 
Indicators 
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4. EMPIRICAL RESULTS 
 
From the summary statistics (Table 4.1), the variable 
with the highest mean is the economic growth (Y
2
) 
whereas carbon dioxide emission recorded the lowest 
mean. Urban population showed the lowest volatility 
with a standard deviation of 0.17, whereas the 
highest volatility was recorded by economic growth 
(45.74). This study assert that economic growth is a 
principal variable for the developing economy, 
Ghana. 
 
Table 4.1   DESCRIPTIVE (SUMMARY) 
STATISTICS 
 
 
 
The results of these traditional tests unit root test: 
ADF, PP & KPSS as shown in Table 4.2, revealed 
that all the variables are non-stationary at levels but 
converts into stationary after 1
st
 differencing them. 
However, these traditional tests do not incorporate 
structural transformation into its computation, 
resulting in them often accepting the null hypothesis 
of no unit root test albeit the presence of unit root in 
the variable.  
 
 
 
Table 4.2 TRADITIONAL UNIT ROOT TEST 
LEVEL IST DIFFERENCE 
 
 
 
This study, therefore additionally utilised the 
Andrews-Zivot structural unit root test (Table 4.3) as 
most African countries including Ghana have 
experienced significant structural reforms in recent 
decades, emphasizing how crucial it is to consider 
the influential role of structural breaks when 
investigating the environmental-economy nexus. 
 
Table 4.3  ZIVOT-ANDREWS STRUCTURAL 
BREAKS UNIT ROOT TEST 
 
 
 
Two models are being estimated in our study: Break 
intercept (A); and break in both the intercept and 
trend (C). The findings from the Zivot Andrews test 
(Table 4.3) confirmed the presence of structural 
breaks for all the variables at intercept. Similarly, at 
both intercept and trend, all the variables revealed the 
existence of a significant structural breaks which had 
resulted in the shift in the time series except export. 
At the intercept, the dates of break breaks as shown 
in the Table 4.3 correspond to 1994; 2006; 2008 and 
2009 for carbon dioxide emission, income, export, 
and urbanisation respectively whereas at both 
intercept and trend as shown in Table 4.3, the breaks  
correspond to 1993; 2000; 2001 and 1999 for carbon 
dioxide emission, income, export and urbanisation 
respectively. These dates reflect the reforms and 
structural transformation they have taken place in 
Ghana in the past decades ever since Ghana started 
implementing reforms such as the Structural 
Adjustment Program (SAP) and Economic Recovery 
Programme (ERP). 
 
Additionally, all the three major tests of the Gregory 
and Hansen test (1996a) - ADF*, Za and Zt test 
shown in Table 4.4, confirmed cointegration among 
the variables in the presence of structural breaks. 
Thus, affirming that there is really a relationship 
among environmental pollution, economic growth 
and urban population of Ghana. 
 
Table 4.4 GREGORY AND HANSEN TEST 
(DEPENDENT VARIABLE, CO2) 
 
 
 
As the  Johansen and Juselius (1990) test (Table 4.5) 
failed to detect the presence of a long-run 
cointegration among the variables, this study utilised 
the Granger causality in an unrestricted vector auto-
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regression(VAR) model as reported in Table 4.6 to 
measure the short run dynamisms among the 
variables. The lag order length was selected 
following the appropriate lag selection criteria as 
shown in Table 4.7. 
 
Table 4.5 JOHANSEN COINTEGRATION 
ANALYSIS 
 
 
The Max statistics indicate no cointegration at the 0.05 
level  
 
Table 4.6 VAR GRANGER CAUSALITY TEST 
(SHORTRUN CAUSALITY) 
           
                                 
***,**,* denotes 1%, 5%, and 10% respectively. 
Short run Causality: 
 Unidirectional:      Y; Y          EX;  UR          EX 
  Bi-directional                  UR;     Y              UR 
 
TABLE 4.7 LAG ORDER SELECTION 
CRITERIA FOR THE VAR MODEL 
 
*indicates lag order selected by the criterion 
LR: sequential modified LR test statistic (each test at 5% level) 
FPE: Final prediction error 
AIC: Akaike Information criterion 
SC: Schwarz Information criterion 
HQ: Hannan-Quinn Information Criterion 
 
 In the shortrun, the causality test (Table 4.6) 
revealed the presence of unidirectional causality from 
carbon dioxide emission (CO2) to economic growth 
(Y); from economic growth (Y) to export (EX); and 
from urbanisation (UR) to export (EX). The findings 
of this study therefore assert that, for the case of 
Ghana, increase in carbon dioxide emission, possibly 
due to the huge industrialisation drive embarked by 
the country boost its economy and subsequently 
causes its export to rise. The economic development 
in Ghana’s leads to improvement in its exports. 
There is therefore the need for a paradigm shift from 
exportation of primary agricultural goods in their raw 
states to a more value added goods for exportation to 
boost the economy of Ghana. Again Ghana must 
adhere to more stricter environmental regulations to 
control high pollution firms, in her quest to mitigate 
environmental pollution issues even as the economy 
advances. Our study, further revealed that there is a 
uni-directional causality from urbanisation to exports 
(EX). Our study; thus, supports earlier researchers’ 
assertion that growth in urban population contributes 
to higher economic growth, and exports.  It is 
therefore advocated that the human capacity of 
Ghana is empowered with the requisite productive 
skills to boost the productivity of her industries. 
Unsurprisingly, the findings of the VAR Granger 
causality revealed the presence of a bi-directional 
causality between these paramount variables: carbon 
dioxide emission (CO2) and urbanisation (URB); and 
between economic growth (Y) and urbanisation (UR). 
Thus, increases in carbon emissions plausibly as a 
results of the huge industrialisation characterised in 
Ghana, propels more migrants to move to urban 
cities. In the same veins, as the population of urban 
cities upsurges, it leads to overuse of the natural 
resources and massive environmental pollution. 
Findings from several studies (Farhani & Ozturk, 
2015; Kasman & Duman, 2015; Ozturk & Al-Mulali, 
2015), whilst using varied methodologies and 
techniques, revealed urbanisation as one of the major 
contributors to the adverse environmental issues in 
most countries. Our study advocates for improved 
energy efficiency in the residential and commercial 
sector; and the proper urban use of land by 
incorporating environmental protectionism 
mechanisms matching the upsurge in urban 
population. 
To ensure our VAR model is suitable for 
econometric analyses and policy recommendation, 
the residual test was conducted (as shown in Table 
4.8).The model passed all the following normality 
test: skewness; Kurtosis and Jarque-Bera at 
p   with a chi-square value of 11.71, 14.36 
and 26.06 respectively. The normality test using the 
cholesky (lutkepohl) orthogonalization therefore 
rejected the null hypothesis of no normality 
signifying the variables in our model are normally 
distributed.  
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Table 4.8 RESIDUAL TEST OF THE VAR 
MODEL 
 
The Normality test utilised the Cholesky ( Lutkepohl) 
Orthogonalization approach 
 
Our study further utilised the Innovative accounting 
approach (also known as the Variance 
Decomposition Analyses) to overcome the inherent 
problem of the causality test of being unable to detect 
the causal relationship among variables beyond the 
current study period. Consequently, this study, 
predicts the causal relationship among carbon 
dioxide emission, GDP, export, and urban population 
of Ghana for the next ten (10) years. 
The results of the Decomposition Analyses as 
reported in Table 4.9 revealed that about 84.96% 
amount of carbon dioxide emissions is caused by its 
own standard innovation shock. Carbon dioxide 
emission reacts by 8.93, 1.98 and 4.13 % when a one 
standard deviation change is imputed in economic 
growth, export and urbanisation respectively. The 
results in Table 4.9 depicts that in Ghana, economic 
growth is the major contributor of carbon dioxide 
emission, followed by urban population growth, and 
export. This study supports Li & Wang (2014), who 
found economic growth to be a major cause of 
environmental pollution whiles similarly using the 
variance decomposition method to investigate the 
effect of long term dynamic characteristics between 
environmental pollution indicators and GDP per 
capita in eleven provinces in western china for the 
period 1992-2010. 
 
Table 4.9 VARIANCE DECOMPOSITION 
 
 
 
 
The  cholesky ordering is: CO2 Y EX UR 
 
Unlike most developing countries, which are yet to 
reach a stage of development where improvement in 
economic growth will lead to a reduction in carbon 
dioxide emission, the case of Ghana clearly depicts 
that continual advancement in economic growth till 
the year 2021 ( period 7) and further is expected to 
lead to a reduction in carbon dioxide emission (Table 
4.9). Our study established the presence of an 
inverted U-shape (EKC-hypothesis) between 
economic growth and carbon emission, for the case 
of Ghana. This study supports works like (Chen & 
Sun, 2014; Sun & Deng, 2014) who similarly found 
economic growth to be a major cause of 
environmental pollution for developing economies.  
 
CONCLUSION AND POLICY  
RECOMMENDATIONS 
 
This study seeks to investigate the causal interactions 
of urban population and economic growth on the 
environment of Ghana for the period 1980-2014. 
This study differs from most studies as it considered 
the influence of structural reforms on the tri-variate 
relationships among environmental pollution, 
economic growth and urban population of Ghana, 
whilst using recent methodologies. 
The results from the Zivot Andrews structural breaks 
and the Gregory Hanson test for structural breaks 
confirmed that massive structural transformation that 
had taken place in Ghana had significantly 
influenced the causal relationships among 
environmental pollution, economic growth, export 
and urban population. 
The Granger causality in VAR model revealed the 
presence of a uni-directional causality from 
urbanisation to economic growth (Y) and export 
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(EX). Furthermore, our study revealed the presence 
of unidirectional causality from carbon dioxide 
emission (CO2) to economic growth (Y); and from 
urbanisation (UR) to export (EX). The findings of 
this study therefore assert that, for the case of Ghana, 
increase in carbon dioxide emission, possibly due to 
the huge industrialisation drive embarked by the 
country boost its economy and subsequently causes 
its export to rise.  The economic development in 
Ghana leads to improvement in its exports. There is 
therefore the need for a paradigm shift from 
exportation of primary agricultural goods in their raw 
states to a more value added goods for exportation to 
boost the economy of Ghana. Again Ghana must 
adhere to more stricter environmental regulations to 
control high pollution firms, in her quest to mitigate 
environmental pollution issues even as the economy 
advances. Furthermore, our study reiterates that the 
human capacity of Ghana should be empowered with 
the requisite productive skills to boost productivity of 
her industries.  
The causality test, also revealed the presence of a bi-
directional causality between these paramount 
variables: carbon dioxide emission (CO2) and 
urbanisation (URB); and between economic growth 
(Y) and urbanisation (URB). Thus, increases in 
carbon emissions plausibly as industrialisation and 
economic development sparks, it propels more 
migrants to move to urban cities. In the same veins, 
as the population of urban cities upsurges, it leads to 
overuse of the natural resources and massive 
environmental pollution. Our study corroborates 
several studies (Farhani & Ozturk, 2015; Kasman & 
Duman, 2015; Ozturk & Al-Mulali, 2015), who 
revealed urbanisation as one of the major 
contributors to the adverse environmental issues in 
most countries whilst using varied methodologies 
and techniques, 
The Innovative Accounting Approach (IAA) 
revealed income (GDP) as the main contributor of 
carbon dioxide emission, followed by urban 
population and then exports. Additionally, the (IAA) 
confirmed the presence of an inverted U-Shaped 
EKC hypothesis for the case of Ghana. This 
presumes that, Ghana at its existing economic growth, 
should invest more in less carbon dioxide emission 
energies, in her quest to mitigate environmental 
pollution issues. 
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